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Abstract

Over 25 years of phase retrieval is reviewed. Application areas include
astronomy,"” space-object imaging with both passive-incoherent’ and active-coheren
illumination, wave-front and telescope-misalignment sensing,*”'*'"'**"* 3-D coherent
imaging,'* and synthetic-aperture radar."'*"” Algorithmic approaches include
modifications of the Gerchberg-Saxton algorithm'® such as the hybrid input-output
algorithm,"" gradient-search error-minimization techniques,”" approaches to climbing
out of stagnation,” support estimation from autocorrelation support,”"** phase
diversity,'" and sharpness maximization algorithms."’
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Additional Comments

While projections-onto-sets algorithms can be used for phase retrieval, they perform
poorly (except for easy cases) since the Fourier magnitude constraint is nonconvex. One
can make the Fourier constraint convex by projecting onto the set of functions whose
Fourier magnitude is less than or equal to the measured Fourier magnitude. However, that
convex constraint does not sufficiently constrain the solution, giving rise to a uniqueness
problem, as confirmed with computer simulation experiments during the conference. I
suspect that just enforcing the zeros of the Fourier transform (another convex constraint)
would fail for similar reasons. Other algorithms, such as hybrid-input-output and
conjugate gradient search, are faster and more robust.

"JR. Fienup, "Reconstruction of an Object from the Modulus of Its Fourier Transform,"
Opt. Lett. 3, 27-29 (1978).

*J.C. Dainty and J.R. Fienup, "Phase Retrieval and Image Reconstruction for
Astronomy," Chapter 7 in H. Stark, ed., Image Recovery: Theory and Application
(Academic Press, 1987), pp. 231-275.

* J.R. Fienup, "Space Object Imaging Through the Turbulent Atmosphere," Opt. Eng. 18,
529-534 (1979).

*J.R. Fienup, "Reconstruction of a Complex-Valued Object from the Modulus of Its
Fourier Transform Using a Support Constraint," J. Opt. Soc. Am. A 4, 118-123 (1987).




> P.S. Idell, J.R. Fienup and R.S. Goodman, "Image Synthesis from Nonimaged Laser
Speckle Patterns," Opt. Lett. 12, 858-860 (1987).

%J.R. Fienup and A.M. Kowalczyk, "Phase Retrieval for a Complex-Valued Object by
Using a Low-Resolution Image," J. Opt. Soc. Am. A 7, 450-458 (1990).

7 J.N. Cederquist, J.R. Fienup, J.C. Marron and R.G. Paxman, "Phase Retrieval from
Experimental Far-Field Data," Opt. Lett. 13, 619-621 (1988).

SJ.N. Cederquist, J.R. Fienup, C.C. Wackerman, S.R. Robinson and D. Kryskowski,
"Wave-Front Phase Estimation from Fourier Intensity Measurements," J. Opt. Soc. Am.
A 6, 1020-1026 (1989).

? J.R. Fienup, “Phase-Retrieval Algorithms for a Complicated Optical System,” Appl.
Opt. 32, 1737-1746 (1993).

' J.R. Fienup, J.C. Marron, T.J. Schulz and J.H. Seldin, “Hubble Space Telescope
Characterized by Using Phase Retrieval Algorithms,” Appl. Opt. 32 1747-1768 (1993).

"' J.R. Fienup, “Phase Retrieval for Undersampled Broadband Images,” J. Opt. Soc. Am.
A, 16, 1831-1839 (July 1999).

"> R.G. Paxman and J.R. Fienup, "Optical Misalignment Sensing and Image
Reconstruction Using Phase Diversity," J. Opt. Soc. Am. A 5, 914-923 (1988).

" R.G. Paxman, T.J. Schulz and J.R. Fienup, "Joint Estimation of Object and Aberrations
Using Phase Diversity," J. Opt. Soc. Am. A 9, 1072-85 (1992).

" J.R. Fienup, R.G. Paxman, M.F. Reiley, and B.J. Thelen, “3-D Imaging Correlography
and Coherent Image Reconstruction,” in Proc. SPIE 3815-07, Digital Image Recovery
and Synthesis IV, July 1999, Denver, CO., pp. 60-69.

'S.A. Werness, M.A. Stuff and J.R. Fienup, "Two Dimensional Imaging of Moving
Targets in SAR Data," in 24th Asilomar Conference on Signals, Systems and
Computating, paper MP5, November 1990.

' J.R. Fienup, “Gradient-Search Phase Retrieval Algorithm for Inverse Synthetic
Aperture Radar,” Optical Engineering 33, 3237-3242 (1994).

"7 J.R. Fienup, “Synthetic-Aperture Radar Autofocus by Maximizing Sharpness,” Optics
Letters 25, 221-223 (15 February 2000).

"* I.R. Fienup, "Iterative Method Applied to Image Reconstruction and to Computer-
Generated Holograms," Opt. Eng. 19, 297-305 (1980).

" I.R. Fienup, "Phase Retrieval Algorithms: A Comparison," Appl. Opt. 21, 2758-2769
(1982).

* J.R. Fienup and C.C. Wackerman, "Phase Retrieval Stagnation Problems and
Solutions," J. Opt. Soc. Am. A 3, 1897-1907 (1986).

*' J.R. Fienup, T.R. Crimmins, and W. Holsztynski, "Reconstruction of the Support of an
Object from the Support of Its Autocorrelation," J. Opt. Soc. Am. 72, 610-624 (1982).

2 T.R. Crimmins, J.R. Fienup and B.J. Thelen, "Improved Bounds on Object Support
from Autocorrelation Support and Application to Phase Retrieval," J. Opt. Soc. Am. A 7,
3-13 (1990).



